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Executive Summary
This feasibility test was conducted to determine if real-time radiation-monitoring instruments could be mounted on decontamination machines during remediation activities to provide useful and immediate feedback to equipment operators. The U.S. Department of Energy (DOE) sponsored this field test under the Grand Junction Projects Office Remedial Action Project (GJPORAP) to identify a more efficient method to remove radiological contamination from concrete floor surfaces. This test demonstrated that project durations and costs may be reduced by combining radiation-monitoring equipment with decontamination machines. The test also demonstrated that a microprocessor-based instrument such as a radiation monitor can withstand the type of vibration that is characteristic of floor scabblers with no apparent damage.
Combining radiation-monitoring equipment with a decontamination machine reduces the time and costs required to decontaminate concrete surfaces. These time and cost savings result from the reduction in the number of interim radiological surveys that must be conducted to complete remediation. Real-time radiation monitoring allows equipment operators to accurately monitor contamination during the decontamination process without support from radiological technicians, which also reduces the project duration and costs.
The DOE Grand Junction Projects Office recommends more extensive and rigorous testing of this real-time radiation monitoring to include a variety of surfaces and decontamination machines. As opportunities arise, additional testing will be conducted under GJPORAP.
DOHGrand Junction Projects Office Feasibility Test of Real-Time Radiation Monitoring
October 27,1995 V
Introduction
The U.S. Department of Energy (DOE) sponsored a feasibility test under the Grand Junction Projects Office Remedial Action Project (GJPORAP) to determine if real-time radiation detectors and monitors could be mounted on decontamination machines during remediation activities. The objective of this test was t o demonstrate that real-time radiation monitoring could reduce the time and costs required to decontaminate radiologically contaminated concrete surfaces. The feasibility test was conducted from July 18 to July 28, 1995 , in conjunction with the remediation of two small contaminated floor areas in Building 20 and Building 28 at the DOE Grand Junction Projects Office (GJPO).
Background
DOE-GJPO personnel developed the concept of combining readily available decontamination machines with off-the-shelf radiation-monitoring instruments to reduce project durations and costs. This concept was tested on two small floor areas in Building 20 and Building 28 that required remediation under GJPORAP. structed in the 1950s to support government purchases of uranium ore and concentrate. Building 20 is currently being used as a chemistry laboratory supporting extensive radiochemistry. Although Building 28 currently houses offices, a maintenance shop, and a warehouse, this building was formerly used for washing and maintaining equipment that transported and processed the uranium ore. The concrete floor surfaces were contaminated by radioactivematerial spills. The contaminated areas tested in Building 20 and Building 28 were approximately 3 square meters (m2) and 1.5 m2, respectively.
Remediation typically involves multiple surveys to identify and to verify the removal of contamination. A survey is initially performed to characterize and delineate contamination, radiological workers remove the identified material, technicians resurvey the area to delineate any remaining contamination, workers remove the additional material, and so on, until the contamination has been removed to specified levels.
The process requires the extensive use of equipment and labor because workers visit the same areas repeatedly, and one group of workers frequently stands by while the other group works. In addition to being expensive, these multiple Building 20 and Building 28 were both concycles increase the risk of worker exposure -3 contaminants and industrial hazards.
A feasibility test of the real-time radiation monitoring concept was planned t o determine if survey cycles could be reduced by installing radiation-monitoring instruments directly on a decontamination machine. This combination was intended to allow the decontaminationequipment operator t o accurately monitor remaining contamination while performing decontamination work, thus minimizing the time and costs required to decontaminate concrete surfaces by reducing the Interruptions of decontamination work for surveying purposes.
Visits to previously decontaminated areas to remediate contamination that did not meet cleanup criteria.
Overremediation of surfaces to avoid missing contamination.
Use of personal protective equipment.
Worker exposure to contaminants and industrial hazards.
A small-scale test was developed t o address several important issues associated with the installation of radiation detectors and monitors on decontamination machines. The questions that were raised include:
Can off-the-shelf radiation-monitoring instruments withstand the vibration, dust, and debris that are associated with equipment typically used for decontamination of concrete surfaces? 
0
Preparing equipment-EIL personnel designed and fabricated fixtures for installing the radiation-monitoring instruments on the decontamination machine.
Baseline surveying-EIL personnel performed baseline surveys t o measure and map the radiation on the contaminated floor areas before decontamination.
Decontaminating floor areas-The equipment operator used both the digital and analog displays on the radiation monitor to guide decontamination activities. The ease with which the operator read the instrument display and maneuvered the decontamination machine were observed.
Resurveying and measuring residual radioactivity-Posttest measurements were taken and compared with baseline measurements t o determine if real-time radiation monitoring was effective in guiding the decontamination work. Posttest measurements were also compared with cleanup criteria to ensure that decontaminated areas were remediated to applicable cleanup levels.
Pretest Activities
Several pretest activities were conducted before the feasibility test could begin. These activities included equipment selection and preparation, instrument calibration, performance of baseline surveys, and identification of applicable cleanup criteria.
Equipment Selection

Decontamination Machine
The decontamination machine that was selected had to be small enough for one person to operate and large enough for both a radiation detector and a radiation monitor to be mounted on it. A decontamination machine that can accommodate a continuous, high efficiency particulate air (HEPA) vacuum was preferable because of the potential for airborne hazards
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DOUGrand Junction Projects Office during remediation. GJPORAP program management also required that the machine be useful for performing general remediation work at DOE-GJPO that is not associated with testing of real-time radiation monitoring. A pneumatically operated Pentek Squirrel-I11 scabbler (Pentek 1995) ( Figure 1 ) was selected for the feasibility test because this scabbler meets all applicable criteria and is compatible with Pentek equipment currently in use at DOE-GJPO. It removes (scabbles) contamination using three pistons that repeatedly strike the surface.
Figure 1. Pentek Squirrel-ill Scabbier
Radiation Detector
An Eberline Model SHP-100 gasproportional radiation detector (Eberline 1994) (Figure 2 ) was selected for installation on the scabbler because it detects alpha, beta, and gamma radiation; has a continuous gas flow that allows the detector t o operate even if the detection window is punctured; has a 100-squarecentimeter (cm2) detection window that provides good counting statistics; and is currently available at DOE-GJPO. The dimensions of the detector are approximately 17 by 12 by 7 centimeters (cm). The detection window consists of 0.96-milligram (mg)-per-square centimeter aluminized Mylar, the counting gas is P-10 (10-percent methane and 90-percent argon), the 4 7 c cesium-137 (Cs-137) efficiency is 19 percent for 1OO-cm2 sources at approximately 1 cm, and the background gamma sensitivity for Cs-137 is 25,000 counts per minute (cpm) per milliroentgen per hour.
Radiation Monitor
An Eberline Model E-600 radiation monitor (Eberline 1994) (Figure 3 ) was selected for installation on the scabbler because this monitor performs the functions of a variety of other portable instruments; supports a wide range of radiation detectors, including the Eberline Model SHP-100; and displays radioactivity levels in many measurement units and formats. The Eberline Model E-600 can also be configured to store data and to match the skills of operators with varying levels of experience. Additional features that made this radiation monitor suitable for this test are its analog and digital displays; easy configuration; simultaneous counting of alpha, beta-gamma, and total activity; radiationmeasurement displays with or without background; and automatic setup with Eberline smart probes.
Floor Monitor
A Ludlum Model 239-1F floor monitor was selected to perform pretest and posttest surveys of the contaminated floor areas. This floor monitor was selected because it is currently available at DOE-GJPO and because its 425-cm2 window provides good counting statistics and complete and efficient surveys of the contaminated floor areas.
High Efficiency Particulate
A Pentek Vak-Pac Model 9A HEPA vacuum Air Vacuum (Pentek 1992) was selected because it is currently available at DOE-GJPO. In conjunction with the scabbler, the vacuum effectively captures dust from the scabbling operation and deposits it in a holding drum. 
Equipment Preparation and Assembly
Housings and attachment assemblies were designed and fabricated to attach the radiation detector and radiation monitor to the scabbler.
The scabbler has three scabbling heads located within a plastic-broom skirt. There is no room for conventional detectors inside the skirt; therefore, the radiation detector had to be attached behind the scabbler with a housing assembly . designed and fabricated (1) to keep the detector parallel to the floor and a fixed distance behind the scabbler, (2) to enable unrestricted movement of the scabbler, and (3) to minimize the vibrations transmitted from the scabbler to the detector. The housing was fabricated from a piece of plastic approximately 25 by 18 by 4 cm. Soft rubber cushions were installed within the milled cavity of the housing to dampen the vibrations generated by the scabbler. A brush assembly was mounted around the perimeter of the housing t o keep the detector within 0.6 cm of the floor, further reducing vibrations and preventing debris from damaging the window of the detector (Figure 4) . A similar housing was designed and fabricated to secure the radiation monitor t o the handle of the scabbler and to protect it from vibration. The radiation detector and the radiation monitor were then installed on the scabbler (Figure 5 and Figure 6 ).
Instrument Calibration
EIL personnel calibrated the Ludlum floor monitor and Eberline radiation detector for alpha radiation using 100 cm2 sources of thorium-230; both instruments were calibrated for beta radiation using 100 cm2 sources of technetium-99. The Eberline radiation monitor was calibrated by the manufacturer. All calibrations were checked before collecting data.
Baseline Surveys
Pretest surveys were performed in the contaminated areas t o establish baselines for comparison with posttest conditions. The floor monitor was used to measure and map the alpha and beta-gamma activity of both contaminated floor areas. The Building 20 and Building 28 floor areas were divided into 13-by 43-cm and 8-by 23-cm grid cells, respectively, and 1-minute counts were performed. Cell locations and cpm instrument readings were recorded for later use (Appendix A). Beta-gamma activity in 
Cleanup Guidelines
The goal for this project was to reduce all radioactivity in the contaminated floor areas to background. If this goal was not practical (e.g., excessive concrete removal), then cleanup guidelines for loose surface contamination disintegrations per minute (dpm) per 100 cm2 was calculated using a conversion factor of 1 cpm per 0.84 dpd100 cm2, (DOE Order 5400.5, Figure IV-1 ) would be applied to reduce the levels of radioactivity t o as low as reasonably achievable. DOE guidelines were applied because decontaminated surface areas must meet these criteria before the areas can be released from marking, monitoring, and maintenance requirements. DOE guidelines specify that loose surface contamination cannot exceed background by more than 1,000 d p d 100 cm2 of alpha or beta-gamma radiation, when averaged over 1 m2 or less.
Test Procedure
The radiation-monitoring and decontamination equipment was transported to the work site and assembled. Inspections were performed to ensure that each piece of equipment was operational. The radiation detector was connected to a regulated P-10 gas supply using approximately 30 meters of Tygon tubing and was purged for more than an hour at a flow rate of 50 cubic centimeters of gas per minute. ers were erected, and radiation work permits and safe work permits were posted. Background levels of alpha and beta-gamma radiation were measured in areas adjacent to the contaminated floor areas.
The work plan was reviewed with all personnel involved in the project. Equipment operators were briefed on how to operate the equipment and on the hazards associated with the work to familiarize the operators with the proper use of combined radiation-monitoring and decontamination equipment. Equipment operators were required to wear modified Level D personal protective equipment because of the radiological hazards associated with decontaminating the concrete floor surfaces. Operators were also required to wear respirators because of potential dust hazards.
Control areas were established, work barri-
The concrete floor area in Building 20 was decontaminated inside a plastic enclosure to prevent contamination of the analytical laboratories housed in the building. The floor areas in both Building 20 and Building 28 were decontaminated by moving the scabbler back and forth over the contaminated areas until the display on the radiation monitor indicated residual radioactivity had been reduced to levels at o r below 1,000 dpd100 cm2 above background. The back-and-forth motion was necessary to position the radiation detector over the scabbled areas and to prevent the scabbler from hammering grooves in the concrete floor.
During the decontamination activities, the radiation detector and monitor were inspected for loosening attachments, accumulations of dust, and overall operability. In addition, the scabbler operator was observed for any problems encountered while operating the machine or reading the radiation-monitor display.
The total time spent decontaminating both floors was approximately 5 hours. Following decontamination, the floor monitor was used to survey both surface areas for residual contamination. 
Results
Instrument Survivability
Operator Efficiency
interpreting the analog and digital displays on the radiation monitor, a more experienced observer interpreted the displays. The displays were difficult for the operator to interpret because the instrument readings varied frequently with the natural statistical variation of the radioactivity being measured. The operator also reported that the radiation detector trailing behind the scabbler made the scabbler slightly awkward to maneuver. Despite these problems, it was never necessary to interrupt the work for radiological technicians to resurvey and mark contamination that was missed. With additional experience using the test equipment, the operator would have fewer or no problems.
Because the scabbler operator had difficulty
Comparability of Measurements
Before performing decontamination activities, three background beta-gamma measurements were taken adjacent to the contaminated floor area in Building 28 with the instruments mounted on the scabbler. These measurements were taken to identify the extent to which radiation-detector and radiation-monitor readings would be affected by operating the scabbler. The two measurements taken when the scabbler was not in operation were 1,588 dpd100 cm2 and 1,532 dpd100 cm2. The measurement taken when the scabbler was operating was 1,659 dpd100 cm2, which was within 5 t o 9 percent of the measurements taken when the machine was not in operation.
The background measurement taken in Building 28 with the radiation-monitoring equipment when the scabbler was operating was also in agreement with the measurement taken with the floor monitor; these measurements were 1,659 dpd100 cm2 and 1,650 dpd100 cm2, respectively, which reflect a 1-percent variation. Similarly, the background measurement taken in Building 20 when the scabbler was operating was within 2 percent of the background measurement taken with the floor monitor; these measurements were 1,507 dpd100 cm2 and 1,487 dpd100 cm2, respectively.
Effectiveness of Decontamination
The modified scabbler was successful in decontaminating both floor areas. Radiation levels were reduced to or below DOE guideline levels in all areas accessible to the machine (see Appendix A). Inaccessible areas consisted of a floor crack in Building 20 and a 2-inch-wide strip along the walls in both buildings.
The maximum beta-gamma activity that was measured with the Ludlum monitor before decontaminating the floor area in Building 20 was 61,421 dpd100 cm2, which included 1,487 dpd100 cm2 of background activity. Of the 72 grid cells that constitute this contaminated area, the maximum beta-gamma activity in 39 cells (54 percent) exceeded the DOE guideline for loose surface contamination; activity in 69 cells (96 percent) exceeded background activity. After decontamination, the activity in 7 1 cells (99 percent) was reduced to below the DOE guideline and activity in 18 cells (25 percent) was reduced to background levels ( Figure 7 and Figure 8 ). Beta-gamma activity in one grid cell exceeded the DOE guideline after decontamination, measuring 2,500 dpd100 cm2 (1,013 dpd100 cm2 above background); this contamination was in a floor crack and had t o be removed with hand tools.
The maximum beta-gamma activity that was measured with the Ludlum monitor before decontaminating the floor area in Building 28 was 2,919 dpd100 cm2, which included 1,650 dpd100 cm2 of background activity. Of the 91 grid cells that constitute this contaminated area, only 1 cell (1 percent) exceeded the DOE guideline for loose surface contamination; 76 cells (84 percent) exceeded background activity. After decontamination, no cells exceeded the DOE guideline, and the activity in 34 cells (37 percent) was reduced to background levels ( Figure 9 and Figure 10 ). 
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Summary
Two contaminated concrete floor areas totaling approximately 5 m2 were decontaminated using a scabbler equipped with a radiation detector and radiation monitor. This equipment was operated for approximately 5 hours without any equipment failures.
Two problems were observed during decontamination activities. The scabbler operator had . trouble interpreting the analog and digital displays on the radiation monitor because these displays varied with the natural statistical variation of the radiation being measured. The operator found it difficult to decide which value to compare t o the cleanup guidelines. Because there was not enough time to modify the monitor displays, a more experienced observer interpreted the displays for the operator. The operator also found the scabbler somewhat awkward t o maneuver, which he attributed to the radiation detector that trailed approximately 20 cm behind the scabbler. Loss of maneuverability may also have resulted from less-thanoptimum airflow and air pressure to the scabbler. Both of these problems could be corrected easily.
Total beta-gamma contamination was reduced in Building 20 from a maximum value of 61,421 dpd100 cm2 to 2,500 dpd100 cm2.
Total beta-gamma contamination was reduced in Building 28 from a maximum value of 2,919 dpd100 cm2 to 2,064 dpd100 cm2. With the exception of the areas that were inaccessible t o the scabbler, the contamination in both of the concrete floor areas was reduced to levels below the DOE cleanup guideline of 1,000 dpd100 cm2 above background and most areas were reduced t o background levels. The radiation-monitoring instruments installed on the scabbler proved sufficient for detecting and removing the surface contamination in the test areas and no interruptions of the work were necessary for technicians to resurvey and delineate residual contamination. Therefore, this monitoring approach is considered feasible for largescale, routine decontamination activities.
Recommendations
A follow-on test should be performed on two large, identically contaminated areas. One area should be designated as the control area and decontaminated using a machine without a radiation monitor, as is the current practice; the other area should be designated as the test area and decontaminated using a machine equipped with a radiation detector and radiation monitor. The control area would provide a baseline for making rigorous and objective comparisons of performance such as the number of interruptions required to decontaminate each area. Performing tests on large areas would also normalize testing conditions such as equipment start-ups, remediation along walls, and varying surface characteristics and levels of radioactivity. -9 -9 -9 -9 -9 -9 -9 -9 -9 -9 -9
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